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Abstract
Objective: To assess the association between dietary patterns and glycaemic
control among Qatari adults with type 2 diabetes (T2DM).
Design: Cross-sectional analysis using data from the Qatar Biobank Study.
Poor glycaemic control was defined as HbA1c ≥7·0 %. Dietary patterns were con-
structed using factor analysis based on habitual food intake assessed by a FFQ.
Medication usewas based on self-report. Multivariable logistic regressionwas used
to assess the association.
Setting: Qatar.
Participants: Adults aged ≥18 years (n 1000) with known diabetes.
Result: The mean age of the participants was 52·3 (SD 11·5) years. Overall, the
prevalence of poor glycaemic control was 57·6 %, and 27·7 % of the participants
were insulin users. Three dietary patterns were identified. The modern dietary
pattern (high intake of fast food, croissants, white bread and cheese) was inversely
associated with poor glycaemic control. The SD increments of the modern pattern
had OR for poor glycaemic control of 0·86 (95 % CI 0·68, 1·08) in men and 0·76
(95 % CI 0·61, 0·95) in women. There was a significant interaction between the
modern pattern and diabetes medication inmen but not in women. In menwithout
diabetes medication, the modern pattern was positively associated with poor gly-
caemic control with an OR of 2·35 (95 % CI 1·13, 4·87).
Conclusions: Male diabetes patients took medication to control diabetes but
ate more unhealthy food. In men who were not taking diabetes medication,
modern dietary pattern was associated with poor glycaemic control. Promoting
healthy eating should be encouraged especially among those under diabetes
medication.
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The prevalence of type 2 diabetes (T2DM) has been
increasing globally with approximately 425 million adults
affected in 2017, and this number will reach 629 million
by 2045(1). The Middle East and North Africa region has
the highest prevalence of diabetes in theworld(1). The latest
data from the Qatar Biobank (QBB) study showed that the
prevalence of diabetes mellitus in adults was 17·4 %(2). The
high prevalence of diabetes brings a substantial economic
and health burden to society(3), including CVD and prema-
ture death(4).
Poor control of diabetes is common and increases the
risk of complications such as neuropathy disease, nephro-
pathy, retinopathy and CVD(5). More than 60 % of patients
in the UAE, Bahrain, Saudi Arabia and Kuwait exhibited
poor glycaemic control(6–8). In Qatar, about 50 % of
people with diabetes had poor glycaemic control as
defined as HbA1c above 7 mmol/l(9). Although genetics
can affect the risk of diabetes and glycaemic control,
lifestyle factors such as diet, physical activity, smoking
and alcohol consumption are also associated with glycae-
mic control(10–14). Dietary factors, such as high intake of
fruits, vegetables, and fish, the Mediterranean diet, DASH
diet can help glycaemic control, while high intake of satu-
rated fats, salt and energy-dense Western diet is associated
with poor glycaemic control(15–17). One of the mecha-
nisms by which poor diet affects glycaemic control is
through obesity. Weight loss is a key determinant for gly-
caemic control among those with diabetes(18). A network
meta-analysis of fifty-six clinical trials found that compared
with other eight dietary approaches (low-fat, Vegeta-
rian, Mediterranean, high-protein, moderate-carbohydrate,
low-carbohydrate, control, low glyacemic index (GI) and
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glycaemic load (GL), Palaeolithic), the Mediterranean diet
is the most effective and efficacious dietary approach to
improve glycaemic control in type 2 diabetes(19).
However, none of the fifty-six studies was conducted in
the Arabic countries. As dietary habit is culture-specific,
identification of dietary patterns which may affect glycae-
mic control is a key for diabetes management.
Similar to other Arabic countries, the diet in Qatar is
characterised by high intake of energy and sugar. Based
on a national survey, the mean intake of sugar was
153 g/d among Qatari residents(20). Moreover, the intake
of meat, refined carbohydrates and Na was high, while
the intake of Ca and fibre-rich sources like fruits and
vegetables was low(20). Purchased food in Qatari house-
holds contains double the amount of protein and energy
requirements, and the high intake of sugars and fat is
due to the subsidy programme in the country(20).
Unhealthy diet and a sedentary lifestyle contribute to the
high prevalence of diabetes and obesity in Qatar(21). More
than 70 % of adults in Qatar were found to be overweight or
obese(22). Posterior (data-driven approach as compared
with knowledge-based method) dietary patterns using
factor analysis, cluster analysis or reduced rank regression
have been increasingly used in nutritional epidemiology as
they may assess the overall dietary quality and reflect the
interactions between foods and nutrients in the diet(23,24).
Little is known about the relationship between dietary pat-
terns and glycaemic control in Qatar. So far, only one study
has assessed the association between dietary patterns and
glycaemic control based on theQBB study(9). Low intake of
Mg-related dietary pattern derived by reduced rank regres-
sion has been shown to be associated with poor glycaemic
control(9). No study has examined the interaction between
dietary patterns andmedication use in relation to glycaemic
control. To address these issues, the aim of this studywas to
assess the association between dietary patterns using factor
analysis, and glycaemic control among Qatari adults with
type 2 diabetes.
Methods
Study design and sample
The QBB study is an ongoing population-based cohort
study that started in 2012. It recruits those who have lived
in Qatar for 15 years or more and are over the age of
18 years. The recruitment of participants was through the
Internet, family and friends, or via social media. The study
included a self-administered questionnaire and nurse inter-
view. Data about sociodemographic information, lifestyle
factors and dietary habits were collected using the ques-
tionnaire; data about family history of disease, health con-
ditions and the use of medication were collected during the
nurse interviewwith the participants. The participants were
invited to the QBB facility in the Hamad Medical City to
have all the health examinations done. Participants’ weight
and height were measured using a Seca stadiometer by the
research nurses. Furthermore, 60 ml of blood samples was
taken andmeasured for a total of sixty-six biomarkers at the
QBB facility(25).
In the current study, a random sample of 1000 Qatari
participants (500 men and 500 women) was selected from
the whole database by the QBB management group. The
sample size was determined by the fact that QBB provides
1000 samples to research projects conducted at institutions
in Qatar for free. Selected participants included those aged
18 years and above with known diabetes who completed
the FFQ and had complete exam data.
Outcome variables: poor glycaemic control
as defined by HbA1c
Self-reported diabetes and diabetes-related informationwere
determined based on the following questions: ‘Has a doctor
ever told you that you had or have diabetes?’; ‘How old were
youwhen your diabeteswas first diagnosed?’; ‘Are you being
treated for your diabetes? (1) No; (2) Don’t know; (3) Prefer
not to answer; (4) Diet; (5) Increased physical activity;
(6) Tablets; (7) Insulin.’ and ‘Did you start insulin within
one year of your diagnosis of diabetes?’. Blood samples were
measured forHbA1c and glucose levels. Poor glycaemic con-
trol was defined as HbA1c ≥7·0 %.
Exposure variable: dietary patterns
Dietary intake was assessed by a self-administered compu-
terised FFQ. The dietary questionnaire was asked about
dietary habits as well as modifications and consumption
frequency of foods and beverages over the previous year(2).
The FFQ included 102 food items and was adapted from
the European Prospective Investigation into Cancer and
Nutrition (EPIC) study; it has not been validated in Qatar.
In the analysis, we grouped the items into thirty-eight food
groups based on similarities of nutrient profiles or cooking
methods between the food items (see online supplemen-
tary material, Supplemental Table 1). Frequency intake
(times/week) of the thirty-eight food groups was used
as the input variable to construct dietary patterns using
factor analysis. The following criteria were used in deter-
mining the number of dietary patterns: (1) eigenvalue> 1;
(2) a scree plot (see online supplementary material,
Supplemental Fig. 1) and (3) the patterns should be
interpretable based on the Qatar food culture. Varimax
rotationwas used to help the interpretation of the identified
patterns. Participants were assigned pattern-specific factor
scores. Scores for each pattern were calculated as the
sum of the products of the factor loading coefficients and
standardised weekly frequency intake of each food group
associated with that pattern.
Covariates
The following variables were considered as covariates:
education (low = primary and secondary school; medium =
technical or professional school; high = university and
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postgraduate degree), age, gender, smoking and leisure
time physical activity level. Physical activity (metabolic
equivalent (MET) h/week) was assessed by the
International Physical Activity Questionnaire. Participants
with a BMI of 25–29·9 kg/m2 were defined as overweight.
Obesity was defined as BMI of ≥30 kg/m2.
Statistical analysis
To compare the differences between groups, the χ2 test was
used for categorical variables and ANOVA for continuous
variables. To assess the association between dietary
patterns and glycaemic control, multivariable logistic
regression was used. Two models were used: model 1
adjusted for age and gender; model 2 further adjusted for
smoking, education, physical activity, BMI (continuous)
and hypertension. Multiplicative interaction between
gender, diabetes medication usage, diabetes duration
(<10 years or ≥10 years) and dietary patterns was tested by
adding a product term of these variables in a multivariable
logistic regression model. Amarginsplot command in Stata
was used to visualise some of the interactions. Treating dia-
betes duration as a continuous variable did not change the
findings. For simplicity, we categorised diabetes duration
as a categorical variable. We did not conduct multiple
imputation analysis as only two participants had missing
values of food intake in some food items and were treated
as no consumption. In total, fourteen men and 116 women
had missing information on smoking and treated as non-
smoking. We did not adjust for medication in multivariable
model due to the interaction between diabetes medication
and dietary pattern. All the data analyses were performed
using STATA 15 (Stata Corporation), and statistical signifi-
cance was considered at P-value< 0·05 (two-sided).
Results
The mean age of the participants was 52·3 (SD 11·5) years.
Overall, the prevalence of poor glycaemic control was
57·6 % (60·8 % in men and 54·4 % in women) (Table 1).
The mean diabetes duration was 12·6 (SD 9·4) years among
788 participants who reported duration. Overall, 27·7 % of
the participants were insulin users (25·6 % in men and
29·8 % in women), and 74 % of men and women reported
on a diet to prevent/manage chronic conditions. The preva-
lence of obesity was 44·0 % in men and 70·4 % in women.
Three dietary patterns were obtained (Table 2). Factor 1
(‘Modern’) was loaded heavily on croissants, white bread
and cheese, breakfast cereal, butter, fast food and ice
cream. Most of these food items are made from refined
grains and sugar. Factor 2 (‘Prudent’) was characterised
by a high intake of salad and raw vegetables, fresh fruit
and canned or dried fruit and dates, cooked vegetables,
yoghurt, and fish. Factor 3 (‘Traditional Food’) was mainly
contributed by chicken, meat, fish dishes, biryani and fast
food, Asian noodle, red meat, white rice and desserts. The
three factors explained 14·5 % of the variance in intake.
Supplement Table 2 shows the sample characteristics by
levels of dietary pattern intakes. Compared with low intake
of the modern dietary pattern, high intake was associated
with high education levels and supplement use, but partici-
pants were less likely to have hypertension, poor glycae-
mic control or use diabetes and hypertension medications.
Participants with high intake of the prudent dietary pattern
were more likely to be highly educated, use supplements
and frequent intake of fruits and vegetables. Age was
inversely associated with modern dietary pattern intake
but positively associated with traditional dietary pattern
and prudent pattern intake.
The modern dietary pattern was inversely associated
with poor glycaemic control in men but not in women after
adjusting for age (Table 3). In the maximally adjusted
model, for each unit increase of modern dietary pattern
score, the OR for poor glycaemic control was 0·86 (95 %
CI 0·68, 1·08) in men, 0·76 (95 % CI 0·61, 0·95) in women
and 0·80 (95 % CI 0·68, 0·93) in genders combined. No sig-
nificant associations between the prudent pattern and the
traditional pattern with glycaemic control were found.
There was a significant interaction between gender,
diabetesmedication usage, with themodern dietary pattern
in relation to poor glycaemic control (P for three-way inter-
action 0·006) (Fig. 1). In men, the modern dietary pattern
was positively (OR 2·35 (95 % CI 1·13, 4·87)) associated
with poor glycaemic control among those taking diabetes
medication but inversely associated with poor glycaemic
control among those without diabetes medication. There
was also a significant interaction between the traditional
dietary pattern and diabetes medication use in relation to
poor glycaemic control in men (P for dietary pattern
and diabetes medication two-way interaction in men
0·002); the pattern was positively associated with poor
glycaemic control among those with diabetes medication
but inversely associated with poor glycaemic control
among those without diabetes medication. In womenwith-
out diabetes medication, the prevalence of poor glycaemic
control was low at all levels of dietary patterns intake.
Discussion
In this cross-sectional study of 1000 people with known
diabetes, we constructed dietary patterns using factor
analysis and examined the association between the identi-
fied dietary patterns and glycaemic control. The modern
food pattern characterised by high intake of fast food, sugar
and refined grains was inversely associated with poor gly-
caemic control. There was a significant interaction between
the modern food pattern and diabetes medication use in
men. No association between the traditional dietary pattern
and poor glycaemic control was found in either men
or women.
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The three main dietary patterns identified in this
study are comparable to other patterns identified in the
region(26–28). The relationship between age and dietary
pattern is also supported by other studies(29). For example,
young participants were more likely to follow the modern
dietary pattern, while older participants were more likely to
follow the prudent or traditional patterns. The traditional
dietary pattern was characterised by high intake of biryani,
chicken/meat/fish-mixed dish, fast food, Asian noodle, red
meat and white rice. Those had high intake of traditional
intake of traditional pattern were more likely to be smokers
but less likely to use dietary supplement. The positive asso-
ciation between education and the modern dietary pattern
is also found in other studies(30).
The finding of an inverse association between the
modern dietary pattern and poor glycaemic control in
our study was inconsistent with other studies. In general,
a modern dietary pattern characterised by high intake of
processed energy-dense food is related to poor glycaemic
control(17). A cross-sectional study in the UAE found that
fast-food consumption more than once a week had an
OR of 1·83 (95 % CI 1·02, 3·3) for poor glycaemic control
among diabetic patients(17). However, in our study, high
consumption of the modern dietary pattern was positively
associated with poor glycaemic control among men not
taking diabetes medication. It implies that the inverse asso-
ciation between the modern dietary pattern and poor gly-
caemic control could be due to diabetesmedication. In fact,
among those with high intake of the modern dietary
pattern, the prevalence of insulin use was 30·8 % despite
a low mean age (46·8 years). It raises a significant public
health message that younger diabetic men take medication
to control diabetes but eat more unhealthy food. It is also
possible that men who consumed the modern dietary
Table 1 Sample characteristics by gender among people with diabetes attending Qatar Biobank study (n 1000)
Male (n 500) Female (n 500)
n % n % P-value
Age 0·17
Mean 51·8 52·8
SD 11·6 11·4
Education <0·001
Low 142 28·5 249 49·8
Medium 72 14·4 66 13·2
High 285 57·1 185 37·0
Smoking <0·001
Non 222 44·4 482 96·4
Smoker 122 24·4 10 2·0
Ex-smoker 156 31·2 8 1·6
Leisure time physical activity (MET h/week) <0·001
Mean 15·1 5·8
SD 34·9 14·5
BMI (kg/m2) <0·001
Mean 30·0 33·2
SD 5·1 5·7
BMI categories <0·001
Normal 64 12·8 23 4·6
Overweight 216 43·2 125 25·0
Obese 220 44·0 352 70·4
Supplement use 306 61·2 366 73·2 <0·001
Vitamin D and Ca use 138 27·6 249 49·8 <0·001
Vegetable intake (times/week) 0·44
Mean 18·4 19·1
SD 12·2 13·5
Fruit intake (times/week) 0·35
Mean 8·7 9·1
SD 7·1 7·3
C-peptide (ng/ml) 0·72
Mean 2·6 2·6
SD 1·7 1·8
HbA1C (%) 0·19
Mean 7·7 7·6
SD 1·8 1·9
Hypertension 197 39·4 219 43·8 0·16
HbA1C≥ 7 304 60·8 272 54·4 0·041
On diet 371 74·2 374 74·8 0·83
Insulin use 128 25·6 149 29·8 0·14
Diabetes medication other than insulin 348 69·6 350 70·0 0·89
Not on any diabetes medicine 84 16·8 96 19·2 0·32
Hypertension medication use 161 32·2 184 36·8 0·13
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Table 2 Factor loadings of dietary patterns
Modern dietary pattern Prudent pattern Traditional pattern
Croissant 0·64 −0·01 0·14
White bread 0·56 0·07 0·26
Cheese 0·55 0·27 0·07
Breakfast Cereal 0·54 0·16 −0·03
Butter 0·51 0·07 0·10
Ice cream 0·44 −0·06 0·29
Other bread 0·43 0·01 0·09
Milk 0·39 0·14 −0·07
Milk added to cereal 0·39 0·14 −0·11
Zaatar fatayer 0·39 0·20 0·24
Chocolate 0·39 −0·02 0·33
Soft drink 0·38 −0·14 0·36
Tea 0·34 0·28 0·04
Milk shakes 0·31 0·05 0·10
Coffee 0·28 0·27 0·07
Salad and raw vegetables 0·11 0·68 0·01
Fresh fruit 0·03 0·62 0·01
Canned/dried fruit and dates −0·01 0·55 0·02
Salad and cooked vegetables 0·29 0·50 0·22
Yoghurt 0·34 0·47 −0·01
Grilled/fried/baked Fish −0·05 0·46 0·20
Fish −0·05 0·46 0·28
Fresh fruit juice 0·11 0·46 0·12
Soups/starters 0·41 0·46 0·22
Brown bread 0·33 0·36 −0·09
Arabic/Iranian bread 0·19 0·36 0·19
Nuts 0·29 0·34 0·14
Eggs 0·07 0·24 0·19
Chicken/meat/fish-mixed dish 0·19 0·31 0·64
Biryani 0·04 0·12 0·63
Fast food 0·51 −0·07 0·53
Asian noodle 0·08 0·01 0·51
Red meat 0·03 0·20 0·51
Lasagna 0·13 −0·08 0·50
White rice −0·02 0·20 0·45
Chicken 0·03 0·19 0·44
Desserts 0·37 0·13 0·41
Potato 0·07 0·12 0·33
Variance explained (%) 10·8 9·3 8·9
Table 3 Association betweendietary patterns and poor glycaemic control amongpeoplewith diabetes attendingQatar Biobank study (n 1000)
Modern dietary
pattern Prudent pattern Traditional pattern
OR 95% CI P OR 95% CI P OR 95% CI P
Both genders
Model 1* 0·82 0·72, 0·94 0·005 1·10 0·96, 1·26 0·159 1·04 0·91, 1·19 0·544
Model 2† 0·80 0·68, 0·93 0·005 1·13 0·97, 1·31 0·107 1·01 0·87, 1·18 0·864
Diabetes duration (model 2) 0·808‡ 0·174‡ 0·230‡
≥10 years 0·68 0·52, 0·89 0·006 1·08 0·85, 1·38 0·535 1·19 0·89, 1·59 0·247
<10 years 0·83 0·63, 1·08 0·160 1·27 0·98, 1·64 0·066 0·86 0·68, 1·11 0·248
Men
Model 1* 0·80 0·65, 0·99 0·039 1·01 0·83, 1·23 0·906 1·14 0·94, 1·39 0·171
Model 2† 0·86 0·68, 1·08 0·187 1·11 0·90, 1·37 0·331 1·02 0·83, 1·26 0·841
Women
Model 1* 0·84 0·70, 1·01 0·071 1·16 0·96, 1·40 0·141 0·95 0·78, 1·15 0·581
Model 2† 0·76 0·61, 0·95 0·014 1·14 0·91, 1·42 0·263 1·00 0·80, 1·25 0·971
*Model 1 adjusted for age and gender (except gender-specific models).
†Model 2 further for education, smoking, physical activity, BMI (continuous) and hypertension.
‡P values for interactions between diabetes duration and dietary patterns.
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pattern were taking insulin due to poor glycaemic control
resulting from the unhealthier diet.
It is worth noting that women who were not taking
diabetes medication had a low prevalence of poor glycae-
mic control (Fig. 1). However, men who were not taking
diabetes medication had a high prevalence of poor glycae-
mic control. This suggests that womenwhowere not taking
diabetes medication might have a healthier lifestyle and
diet. Despite this gender difference, women still had a high
prevalence of poor glycaemic control, which is also seen in
other neighbouring countries(31).
A high prevalence of poor glycaemic control was
observed in our study. This is consistent with findings from
other Arabic countries including Kuwait (78·8 %) and
Saudi Arabia (67·7 %)(7). The reason for the high prevalence
of poor glycaemic control is unknown. It is unlikely
due to the lack of diabetes medication or access to
the medical service. In fact, a high proportion of the partici-
pants were on diabetes medication (only 16·8 % men
and 19·2 % women were not on diabetes medication).
A high burden of obesity in the region and sedentary
behaviour could be the contributing factors. In our sample,
the mean leisure time physical activity was very low
(15·1 MET h/week in men and 5·8 MET h/week in women).
Furthermore, unhealthy dietary habit (e.g. the mean sugar
consumption inQatar was 153 g/d) can also be a significant
contributing factor. Sugar, rice and cooking oil are subsi-
dised in Qatar. It is unknown to what degree this policy
contributes to the burden of obesity and diabetes. Based
on the factor loadings, modern dietary pattern had a high
consumption of sugary food (e.g. ice cream, soft drink, des-
sert and chocolate). The main limitation of our study is the
use of the FFQ without specifying portion sizes. We were
unable to obtain data about the quantities of consumed
foods and unable to adjust for energy intake in the analyses.
However, the FFQ was adopted from the EPIC study with
the incorporation of local food items. The limitations
of FFQ have been well known (e.g. inaccurate measure
of nutrients intake and limited number of food items
included). On the other hand, FFQ can reflect the long-term
habitual intake and can be used to rank individuals in large
epidemiological studies. The FFQ used in the EPIC has
been shown to have an acceptable relative validity(32).
The second limitation is the cross-sectional study design.
Although we cannot make any conclusion about the
causation, the findings of the current dietary patterns have
strong public health significance. Third, we did not have
detailed information on diabetes medication use (e.g. type
and dose). However, the interaction between dietary
pattern and diabetes medication use in relation to glycae-
mic control is unlikely changed if we had detailed informa-
tion of diabetes medication use. Last, the three patterns
explained only 14·5 % of the variance. However, it is
common that in population-based studies, dietary patterns
using factor analysis cannot explain most of the variation of
the whole diet. The amount of variance explained by the
dietary patterns depends on the number of food groups
used to construct the dietary patterns: the higher the num-
ber of food groups, the lower the variance explained by the
dietary patterns. We used thirty-eight food groups in
our analysis, which is higher than other studies. The
thirty-eight food groups most closely represented foods
commonly consumed in Qatar. The study’s strength is our
detailed information of disease history and lifestyle factors.
Furthermore, blood samples were measured for HbA1C.
Conclusion
Poor glycaemic control is common in Qatari adults
diagnosed with diabetes. Overall, the modern dietary pat-
tern was inversely associated with poor glycaemic control,
and this is likely due to the use of medication. In men who
were not taking diabetes medication, the modern dietary
pattern was positively associated, while the traditional
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Fig. 1 Interaction between dietary patterns, diabetes medica-
tion use and gender in relation to poor glycaemic control among
people with diabetes attending Qatar Biobank Study (n 1000).
Models adjusted for age, smoking, physical activity, education,
BMI (continuous) and hypertension
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pattern was inversely associated with poor glycaemic con-
trol. Promoting healthy eating should be encouraged espe-
cially among those taking diabetes medications.
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